Abstract-In this study the acoustic properties of thin slices of the IEC agar-based TMM were assessed over the frequency range of 4.5MHz to 50MHz for a period of 1 year at 3 monthly intervals. To maximize the acoustical stability of the TMM it was both assessed and stored in the same fluids as used in its manufacture (water, glycerol and benzalkonium chloride). A high frequency ultrasound scanner Vevo 770® and a scanning acoustic macroscope (SAM) system were used to measure the acoustical properties. The SoS measured from the TMM slices was found to be 1544.1 ± 4.2 ms -1 and a polynomial fit to the attenuation data was calculated to be .
I. INTRODUCTION
Medical ultrasound applications using high frequency ultrasound (above 20 MHz) have increased in recent years [1] , [2] due to the cost effectiveness, non-destructive and noninvasive nature of ultrasound imaging.
Commercially available quality assurance (QA) phantoms are currently available to assess the image of an ultrasound scanner for frequencies up to 20 MHz (CIRS Tissue Simulation & Phantom Technology, Norfolk, Virginia; ATS Laboratories Inc. Bridgeport, CT, USA; Gammex, Inc Middleton, WI). These phantoms are made of a tissue mimicking material (TMM) whose properties closely match the acoustical properties of soft tissue. Those commercially available QA phantoms are designed to last long periods of time; 2 years for CIRS and 10 years for ATS and Gammex QA phantoms.
The IEC agar-based TMM is currently one of the most popular and widely used TMMs to manufacture test phantoms within laboratories [3] - [8] and has previously been acoustically characterized in the frequency range of 6 -15 MHz [7] 17 -23 MHz [3] , 10 -47 MHz [9] and up to 60 MHz [10] .
With respect to the longitudinal stability of the acoustic properties of TMMs, the IEC agar TMM has been studied for periods up to 3 years in the frequency range of 17 -23 MHz [3] . Also, a paraffin-gel based TMM breast phantom shape was monitored for 6 years and acoustically characterized in the frequency range of 2.5 -10 MHz [11] and a 25% olive oil, 25% kerosene and 50% gelatin powder TMM breast phantom was acoustically characterized for 3 years at 3.5 MHz frequency [12] showing good acoustic stability. However, to the best of our knowledge, no longitudinal study measuring the stability of the acoustical properties of TMMs over frequencies encompassing both clinical and preclinical applications has been undertaken. This acoustic characterization, is of increasing importance, especially at higher frequencies, due to the rapid rise in clinical and preclinical applications and the current lack of commercial QA phantoms for scanners at those frequencies.
The aim of this study was to assess the variation in the acoustic properties of the IEC agar TMM over a 1 year period and over a broadband frequency range from 4.5MHz to 50MHz.
II. MATERIALS AND METHODS

A. Manufacture of TMM slices
Eleven thin slices of agar-TMM were manufactured with thickness ranging from 2.63 -3.28mm. These samples were manufactured by pouring the TMM mixture [3] , [4] , [13] , [14] at 42°C onto a pre-warmed metal plate. The plate was prewarmed to ensure that the mixture spread evenly across the surface. Using the bottom of a silicon tube (5.5mm inner diameter), cylindrical TMM slices were cut once the TMM mixture had reached room temperature. These TMM slices were immersed into TMM maintenance fluid (83.15% degasseddeionized water, 4.88% of 10% Benzalkonium chloride and 11.96% of 99% glycerol). This fluid prevents bacterial growth in addition to keeping the samples moist [3] .
B. Experimental set-up Vevo 770® and SAM system
Acoustical measurements were performed using 7 transducers (Table 1) , four of them from a high frequency ultrasound scanner Vevo 770® (Visualsonics, Inc) and three transducers from a scanning acoustic macroscope (SAM) system developed at the Dublin Institute of Technology [5] . Using these 2 measurement systems, 10 lines of the radio frequency (RF) data was collected at 4 positions on each TMM slice. TMM maintenance fluid was used as the reference medium. The experimental set-up is displayed in Fig 1. A reflector (Polymethylpentene (TPX) Boedeker Plastics, Texas, USA) of 2.5cm diameter and 5mm thickness was located at the focal point of each of the transducers. The 3dB bandwidth 978-1-4673-9897-8/16/$31.00 ©2016 IEEEwas measured for each transducer. This was performed by measuring the pulse echo from the reflector in a tank filled with degassed, deionized water as the reference medium ( Table 1 ).
The SAM system displayed the RF data in real time and it required the thickness of the samples to be introduced for SoS and attenuation values. This thickness was calculated from the mean thickness of each sample obtained from ten lines of data at eight positions on each sample measured with the Vevo 770®.
C. Analysis of the TMM slices
The analysis was performed based on a broadband reflection substitution technique [15] where the magnitude and timing of the pulse echoes from the front and rear surfaces of the sample and from the reflector with and without the sample were collected to calculate the thickness, the SoS and the attenuation. 
where TTMMR and TR are the respective timings of the signals from the TPX reflector with and without the sample, placed in the acoustical path. TTMMUp and TTMMLW corresponds to the timing of the front and rear signals from the sample, respectively. SoSTMMfluid is the SoS of the TMM maintenance fluid. The signals from the boundaries between TMM maintenance fluid -TMM slice -TMM maintenance fluid were selected manually from the raw RF data using the Vevo 770® scanner. This analysis was performed for each of the 10 lines from the front and rear signals to compute the thickness of each of the TMM slices.
D. Batch to batch variations and repeatability
A second batch of TMM slices, referred to as TMM2 were measured with both Vevo 770® and SAM system at 6 and 12 month time points. These TMM2 slices consisted of 6 samples with a mean thickness of 2.01 ± 0.05mm. The acoustic measurement and analysis was performed in an identical manner to that employed for the previous TMM slices.
The repeatability was assessed by measuring the acoustic properties of the 11 TMM slices using the RMV710B of the Vevo 770® (Table I) , measured with both systems at each time point (Table II) . It can be seen that the SoS varied up to 7.2 m s -1 over the 12 month period.
The attenuation data as a function of frequency from all seven transducers at all time-points is shown in Fig 2. A second degree polynomial fit was calculated from the data shown in Fig  2 and is displayed in Fig 3 . 
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The mean attenuation fit was calculated as a second degree polynomial and was found to be: 0.4842 + 0.008373
The mean SoS calculated from the second batch of 6 TMM2 slices was found to be 1551.4 ± 6.2 m s -1 . The variation in attenuation was found to be ±1 dB cm -1 when compared with the mean attenuation measured from the 11 TMM slices.
The repeatability assessment demonstrated a mean SoS of 1543.0 ± 6.0 m s -1 calculated over 5 measurements during the period of 1 month. The attenuation showed a variation of ±1 dB cm -1 as a function of frequency over the bandwidth of the RMV710B transducer (Table I ) using the Vevo 770®.
IV. CONCLUSIONS
This study acoustically characterized the IEC agar-TMM in the frequency range of 4.5 -50 MHz over a 1 year period. The TMM slices were preserved and acoustically measured in TMM maintenance fluid.
The mean SoS calculated over all TMM slices, exhibited less than 8 m s -1 over a 12 month period. The SoS was found to be 1544.1 ± 4.2 m s -1 and the attenuation as a function of frequency was fitted to a 2 nd polynomial function: 0.4842 + 0.008373 2 (R 2 =0.99). These values agree at low frequency with the IEC guideline values [16] and with those studies published at higher frequencies [3] , [9] , [10] . This confirms the high acoustic longitudinal stability of the IEC agar-based TMM over the bandwidth from 4.5MHz to 50MHz over the period of 1 year.
